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Methodology

Motivation

TWILL Technology*:

• Multiwire (MW) interconnection method embedding conductive copper 
wires in polymeric carrier foils.

• Interconnection to cell metallization occurs during lamination.
• Eliminates traditional stringing and bussing steps.

Reliability Enhancement:

• GF in foils reduce thermal stress on solder joints due to lower thermal 
expansion.

• This study investigates GB as an isotropic alternative for improved thermo-
mechanical stability.

Conclusions

• Manufactured mini-modules using full and 
cut M2 SHJ cells.

• Carrier foils with GF and various GB 
configurations were used.

• Monitored module performance (IV, EL).

Results

Validation Results Acknowledgments 

➢ Perpendicular Cu wire orientation 
consistently improved FF retention. 

➢ GF-reinforced foils showed better 
reliability than GB-reinforced foils.

➢ Incorporation of GB in outer layers of 
carrier foils improved durability.

➢Material choice and wire orientation 
are key to optimizing TWILL 
interconnection.

• TWILL modules with high-quality cells 
showed excellent reliability.
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Summary
This study explores the reliability of TWILL technology, an innovative module interconnection method that simplifies solar 
module fabrication by embedding solder-coated copper wires into multi-layered polymeric encapsulant based foils, 
eliminating traditional stringing and bussing steps. Various configurations of carrier foils reinforced with glass fibers (GF) and 
glass beads (GB)—incorporated in core, outer, or both layers—were evaluated under thermal cycling (TC) tests for silicon 
heterojunction (SHJ) modules. Modules with GF foils showed <2% FF loss after 600 cycles (3× IEC), confirming high reliability.
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